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Background & objectives: Patients with rheumatoid arthritis (RA) are more prone for accelerated
atherosclerosis and Asian Indians as an ethnic group are predisposed to a high risk of premature
atherosclerosis. However, sparse data are available regarding the burden of atherosclerosis among
asymptomatic adult patients with RA in south India. We studied the burden of asymptomatic
atherosclerosis in adult south Indian patients with RA at Tirupati, Andhra Pradesh, India, utilizing
carotid intima-media thickness (CIMT) as a surrogate marker.

Methods: Ultrasound examination of the carotids and CIMT measurement (mm) were carried out in
32 patients with RA, 32 age- and gender-matched normal controls, and 32 patients with atherosclerosis
and angiographically proven coronary artery disease. The CIMT values in patients with CAD and
normal controls were used to derive the appropriate cut-off value of CIMT for defining atherosclerosis
that would be applicable for the ethnic population studied.

Results: Patients with RA had a higher mean CIMT (mm) compared with normal control subjects
(0.598 £ 0.131 vs 0.501 + 0.081; P = 0.001). Carotid plaque was found more frequently among the cases
compared with normal controls [5/32 (15.6%) vs 0/32 (0%), P=0.020]. Using this cut-off value derived
by the receiver operator characteristic curve method (> 0.57 mm; sensitivity 84.4; specificity 90.6%)
and the 75™ percentile value among normal controls (> 0.55 mm) as surrogate markers, the presence of
subclinical atherosclerosis was significantly more among asymptomatic patients with RA compared with
normal controls [(59.3 vs 12.5%; P<0.001) and (62.5 vs 25%; P<0.001) respectively].

Interpretation & conclusions: Based on the present findings CIMT appears to be a useful surrogate
marker for detecting subclinical atherosclerosis in adult Indian patients with RA.

Key words Atherosclerosis - carotid intima-media thickness - India - rheumatoid arthritis

and the extent of inflammation in RA has been linked to
an increased risk of cardiovascular mortality resulting
from accelerated atherogenesis’>. Mortality due to
coronary artery disease (CAD) has been found to be

Rheumatoid arthritis (RA)isachronic inflammatory
disease that results in severe disability and premature
mortality'. The systemic and articular inflammatory
load drives the destructive progression of the disease,
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59 per cent higher in patients with RA when compared to
general population®. This increase reflects the end-stage
of persistence of a long standing immune inflammation
and inflammation is considered as a novel risk factor
for atherosclerosis®. Studies linking the two conditions
have provided data positively correlating RA and
atherosclerosis®®. Single photon emission computed
tomography (SPECT) studies have confirmed that
myocardial perfusion abnormalities occur earlier in
patients with RA’. The excess CAD is evident in both
the genders. There appears to be a vascular involvement
especially in seropositive RA with extra-articular
features. The local vascular inflammation seems to
induce diffuse endothelial dysfunction that initiates
accelerated atherosclerosis'.

Carotid intima-media thickness (CIMT) is a
simple, reliable, inexpensive, non-invasive marker
that is increasingly being used to detect subclinical
atherosclerosis and has been recommended by the
American Heart Association (AHA), American Society
of Echocardiography (ASE) and Society for Vascular
Medicine (SVM) as a screening test for heart disease
in apparently healthy individuals®’. CIMT has been
used in several clinical trials as a surrogate end point
for evaluating the regression and/or progression of
atherosclerotic cardiovascular disease®’. At present,
several non-invasive imaging techniques offer a unique
opportunity to study the relation between surrogate
markers and the development of atherosclerosis in
patients with RA. The use of these techniques may help
identify high risk RA patients who may benefit from
active therapy to prevent clinical disease. One of these
is the carotid ultrasonography that allows identifying
the CIMT and presence of plaques'®!!. The importance
of abnormally high CIMT and plaques as predictors
of cardiovascular events in patients with RA has been
emphasized'*" .

As an ethnic group, Asian Indians are predisposed
to a high risk of metabolic syndrome, and premature
atherosclerosis'*. Thus, Indian patients with RA appear
to be at a higher risk for developing atherosclerosis.
However, sparse data are available regarding the
burden of atherosclerosis among asymptomatic adult
patients with RA in south India. Therefore, the present
study was designed to determine the presence of
asymptomatic atherosclerosis in adult patients with
RA in Tirupati, Andhra Pradesh, by utilizing CIMT as
a surrogate marker.

Material & Methods

The sample size for the present study was calculated
based on the following assumptions. Prevalence of
asymptomatic atherosclerosis in adult population in
Tirupati = 12.5 per cent!; prevalence of asymptomatic
atherosclerosis in RA patients = 50 per cent, which is
assumed to be four-fold of that observed in general
population®; o = 5 per cent, power of the study (1-B)
= 80 per cent. The sample size was calculated to be 46
(23 patients in each of RA and healthy normal control
subjects). The study included 32 patients with RA and
32 control subjects. For deriving CIMT cut-off for the
ethnic population included in the study, CIMT data
obtained in 32 patients with angiographically proven
CAD and the 32 healthy control subjects were studied.

Patients with RA (cases): Adult patients (aged 18
years or more) (n=32) diagnosed to have RA as per
the revised American Rheumatology Association
(ARA) criteria'® attending the Medicine Out-patient
Department, Rheumatology clinic, and admitted to
the Medicine Wards of the Sri Venkateswara Institute
of Medical Sciences (SVIMS) hospital, a tertiary care
teaching institute in Tirupati, Andhra Pradesh, India
during February 2009 and July 2010 were included in
the study. Patients with the following conditions were
excluded from the study: (i) age under 18 years; (ii)
RA overlap with other rheumatic diseases; (7ii) patients
with hypertension, diabetes mellitus, and clinically
manifest atherosclerosis by way of CAD, peripheral
vascular disease (PVD), and cerebrovascular disease;
(iv) patients known to have dyslipidaecmia of any
aetiology and on treatment for the same; (v) history of
smoking, alcoholism; and (vii) patients unwilling to
participate in the study.

Control subjects: Age and gender matched healthy
normal control subjects (n=32) from among the
hospital staff and patient attendants were selected.
Age- and gender-matched patients with atherosclerosis
who had angiographically proven CAD (n=32) were
also studied.

Study procedure: The study protocol was cleared by the
Institutional Ethical Committee. A written, informed
consent was obtained from all the patients and control
subjects. In all of them, a detailed history was taken
and a thorough physical examination and the following
laboratory investigations were carried out: complete
haemogram, fasting and post-prandial venous plasma
glucose, liver and kidney function tests, serum lipids,
urine analysis, rtheumatoid factor, electrocardiogram
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(ECQ), chest radiograph, and plain radiographs of the
hands and wrists. Severity of RA was assessed using
the Disease Activity Score (DAS) 28 score!’.

Measurement of CIMT: Ultrasound examination of
the carotids was carried out both in cases and controls
using Sonoline G40 Diagnostic ultrasound system
(Siemens Medical Solutions USA Inc., USA) by
the same radiologist who was blinded to the clinical
information and all measurements were obtained online.
Measurements were made bilaterally at the carotid
bulb, distal 1 cm of common carotid artery far wall
proximal to the bulb and in the proximal most portion
of the internal carotid artery near its origin. The mean
of the six readings so obtained was used to calculate
the CIMT. Plaque was defined as a focal protrusion of
more than 50 per cent of the surrounding wall.

Statistical analysis: Data were recorded on a pre-
designed proforma and managed using Microsoft Excel
2007 (Microsoft Corp, Redmond, WA). Descriptive
statistics for the categorical variables were performed
by computing the frequencies (percentages) in each
category. For the quantitative variables, approximate
normality of the distribution was assessed. Variables
following normal distribution were summarized by
mean and standard deviation. The association between
two categorical variables was evaluated by Chi-square
test or Fisher’s exact test as appropriate. Student’s ‘t’-
test was used to compare the difference in mean values
between the two groups for continuous variables that
were normally distributed.

Two methods were used to calculate the cut-off of
CIMT as a surrogate marker for atherosclerosis. The
CIMT measurements in 32 patients with atherosclerosis
and angiographically proven CAD and 32 healthy
controls were used to derive the appropriate cut-off
value of CIMT for defining atherosclerosis. Receiver-
operator characteristic curve (ROC curve) for CIMT
was plotted with (1-specificity) on the X-axis and
sensitivity on the Y-axis using different cut-off levels
of CIMT to arrive at the choice of the most appropriate
cut-off level. The 75" percentile value of CIMT
among the normal control subjects was also used as
the optimal cut-off value for defining the presence of
asymptomatic atherosclerosis in patients with RA®, The
proportion of patients with atherosclerosis among cases
and controls detected using these two cut-off values of
CIMT as surrogate marker were compared using Chi-
square test. The diagnostic yield of both the cut-offs in

detecting subclinical atheosclerosis in patients with RA
was tested using McNemar's test.

Statistical softwares PASW Statistics 18, Release
18.0.0, (IBM SPSS Statistics, Somers NY, USA); Systat
12, Version 12.00.08 (Systat Software, Inc, Chicago
IL, USA); and MedCalc Version 11.3.0 for Windows
2000/XP/Vista/7 (MedCalc Software bvba, Belgium)
were used for statistical analysis.

Results

During the study period, 48 patients with RA
who had given consent to undergo evaluation were
screened. Of these, 16 (33.3%) were excluded and
32 patients were included in the study as ‘cases’. The
causes of exclusion were type 2 diabetes mellitus (n=7);
dyslipidaemia (n=5), unwillingness to undergo further
diagnostic testing (n=3); and tobacco smoking (n=1).

Demographic characteristics of patients with RA,
age-, gender- and body mass index (kg/m?)-matched
normal controls; and patients with atherosclerosis and
angiographically proven CAD are shown in Table I.
Majority of patients with RA were in their fifth decade
of life; females (n=27) outnumbered males (n=5).

The median symptom duration among patients
with RA (n=32) was 45.5 months [inter quartile range
(IQR) 19.5 - 65 months]. The mean DAS28 score at
presentation in these patients was 4.9 £+ 2.1. Almost
50 per cent of the patients with RA (47%) had severe
disease (DAS28 score > 5.1); 41 per cent had mild to
moderately severe disease. Only four patients (12%)
were in remission.

Of the 32 patients with RA, 14 (43.8%) were
treatment naive and were receiving symptomatic
treatment with non-steroidal anti-inflammatory
drugs. Depending on disease severity as assessed by
the DAS28 score, the remaining 18 (56.2%) patients
were receiving a combination of disease modifying
antirheumatic drugs (DMARDs) such as oral hydroxy
chloroquine (n=17), weekly oral methotrexate (n=14) or
injectable methotrexate (n= 2); daily oral prednisolone
(n=7), oral leflunomide (n=4) and salazopyrine (n=3).

Comparison of serum lipid profile among patients
with RA and normal controls is shown in Fig. 1.
There was no significant difference in the mean serum
cholesterol; triglycerides; LDL; and HDL levels between
the two groups. The prevalence of dyslipidaemia defined
as per the National Cholesterol Education Programme
Adult treatment Panel IIT (NCEP ATP III) criteria'® in
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patients with angiographically proven CAD

Table I. Demographic characteristics of patients with rheumatoid arthritis, age-, gender-, and BMI-matched normal controls and

CAD, coronary artery disease; BMI, body mass index
Values are mean + SD

Variable Patients with rheumatoid arthritis Normal controls Patients with angiographically proven
(n=32) (n=32) CAD (n=32)

Age (yr) 48.1£10.2 46.7+£9.6 51.6 +£8.0

Male: Female 5:27 5:27 10:22

BMI (kg/m?) 23.4+3.8 24.6+3.1 25.0+4.9

patients with RA and normal controls is shown in Table
II. The percentage of patients with lipid abnormalities
such as, a high serum cholesterol, triglycerides, LDL
and low serum HDL were comparable between the two
groups.

Majority of the patients with angiographically
proven CAD had single vessel disease (n=15); while
the others had triple-vessel disease (n=10) and two-
vessel disease (n=7). The mean intima-media thickness
(IMT) at various points of measurement and the mean
of the six-readings, CIMT is shown in Fig. 2. The
coefficient of variation for the mean of the six CIMT
readings that was taken as CIMT measure in normal
control subjects, patients with RA was calculated to
be 16.1 and 21.8 per cent, respectively. Patients with
RA had a higher mean CIMT compared with normal
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Fig. 1. Comparison of mean serum lipid levels (mg/dl) between
cases and controls. Chol, serum cholesterol; LDL, serum low-
density lipoproteins; TG, serum triglycerides; HDL, serum high
density lipoproteins; VLDL, very low-density lipoproteins; RA,
rheumatoid arthritis.

control subjects (0.598 + 0.131 vs 0.501 + 0.081 mm;
P =0.001). Carotid plaque was found more frequently
among the cases compared with normal controls [5/32
(15.6%) vs 0/32 (0%), P=0.020].

Calculation of cut-off value of CIMT for the detection
of atherosclerosis: The ROC-curve for calculating
the optimal cut-off value of CIMT for detection of
atherosclerosis is shown in Fig. 3. At a cut-off value of
CIMT greater than or equal to 0.57, the sensitivity and
specificity were 84.4 [95% confidence intervals (CI),
67.2-94.7]and 90.6 (95% CI, 75.0 - 98.0), respectively.
The 75" percentile value of CIMT in normal control
subjects was found to be 0.55 mm.

Presence of atherosclerosis among patients with RA and
normal controls: Using the ROC-curve cut-off value
(> 0.57 mm) as the surrogate marker, the proportion
of patients with atherosclerosis was significantly
higher among patients with RA compared with normal
controls (59.3 vs. 12.5%; P<0.001). Using the 75"
percentile value among normal controls (> 0.55 mm)
as the surrogate marker, the proportion of patients with
atherosclerosis was significantly higher among patients
with RA compared with normal controls (62.5 vs. 25%);
P<0.001) (Table III).

On comparing the proportion of patients with
subclinical atherosclerosis among patients with RA
identified with the ROC cut-off (19 of the 32) and the
75" percentile cut-off (20 of the 32) using McNemar’s
test, there was no significant difference between the
diagnostic yield of both the methods.

Discussion

The prevalence of obesity and the incidence of
metabolic syndrome is rapidly increasing in India
and other south Asian countries, leading to increased
morbidity and mortality due to type 2 diabetes mellitus
and cardiovascular disease'. This increase has been
observed not only in Indian adults and children but also
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Table II. Profile of dyslipidaemia in patients with theumatoid arthritis and normal controls

Variable Cut-off value (mg/dl) as per Patients with RA (n=32) Normal controls

NCEP ATP III guidelines No. (%) (n=32)

No. (%) No. (%)
High cholesterol > 239 0(0) 2(3.2)
High triglycerides > 199 4(12.5) 6(9.4)
High LDL > 159 2(3.2) 1(1.6)
Low HDL <40 24 (37.5) 23 (35.9)
RA, rheumatoid arthritis; LDL, serum low-density lipoproteins; HDL, serum high density lipoproteins; NCEP ATP III, National
Cholesterol Education Programme Adult treatment Panel III (reference 18)
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Fig. 2. Box-whisker plot of mean intima-media thickness at six sites of measurement (mm) and the mean CIMT value (mm) in patients with
RA (n=32) and normal control subjects (n=32). The circles and squares represent outlier values. LT CCA, distal 1 cm of common carotid
artery far wall proximal to the bulb on the left side; LT BULB, left carotid bulb; LT ICA, proximal most portion of the left internal carotid
artery near its origin; RT CCA, distal 1 cm of common carotid artery far wall proximal to the bulb on the right side; RT BULB, right carotid
bulb; RT_ICA, proximal most portion of the right internal carotid artery near its origin, carotid bulb, distal 1 cm of common carotid artery far
wall proximal to the bulb and in the proximal most portion of the internal carotid artery near its origin; RA, rheumatoid arthritis.

in economically disadvantaged people residing in urban
slums and rural areas. Given the unique susceptibility
of Asian Indians to metabolic syndrome'* and the
increased susceptibility and accelerated progression
of atherosclerosis observed in RA, Indian patients
with RA appear to be at a higher risk for developing
atherosclerosis and related complications.

In the present study, majority of the patients with
RA were females (n=27). Since RA predominantly

affects women, and is also an independent risk factor,
a search for asymptomatic atherosclerosis especially
among women with RA wusing CIMT appears
warranted. No significant difference in the lipid profile
and presence of dyslipidaemia was found between
the patients with RA and normal control subjects.
Therefore, the presence of atherosclerosis among
patients with RA assessed using CIMT as a surrogate
marker appears to be a reflection of asymptomatic
(subclinical) atherosclerosis. Significantly higher
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Table III. Prevalence of atherosclerosis among patients with theumatoid arthritis and normal controls
Method used for calculating ~ CIMT (mm) Patients with RA Normal controls P value
cut-off cut-off (n=32) (n=32)
No. (%) No. (%)

ROC-curve >0.57 19 (59.3) 04 (12.5)

<0.57 13 (40.6) 28 (87.5) <0.001
75" percentile observed >0.55 20 (62.5) 08 (25.0)
among normal controls <0.55 12 (37.5) 24 (75.0) <0.001
RA, rheumatoid arthritis; CIMT, carotid intima-media thickness (mm); ROC, receiver-operator characteristic curve
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Fig. 3. ROC-Curve (thick line) along with 95% confidence bounds
(interrupted lines) for calculating the cut-off value for CIMT as
a surrogate marker of atherosclerosis. The area under the ROC
curve (AUC) = 0.919; standard error = 0.0367; 95% Confidence
Intervals = 0.824 to 0.973; Z-statistic = 11.427; significance level P
(Area=0.5) = 0.000. CIMT, carotid intima-media thickness.

CIMT and more frequent finding of carotid plaques
have been described in RA patients from Southern
Europe with no classic cardiovascular risk factors or
clinically evident cardiovascular disease'®. The CIMT
has been associated with the inflammatory burden and
the chronicity of the inflammatory response. Long-
standing RA patients with mean C-reactive protein
(CRP) levels greater than 15 mg/dl had higher CIMT
values than those with lower CRP levels®.

CIMT has been recommended to screen for heart
disease in apparently healthy individuals and has

been endorsed as a surrogate end-point for evaluating
the regression and/or progression of atherosclerotic
cardiovascular disease and as a predictor of the
presence of coronary atherosclerosis and its clinical
sequelae®?!. Other surrogate markers of cardiovascular
disease such as flow-mediated dilatation have been also
been found to be abnormal in RA. However, CIMT
seems to be the more appropriate tool for establishing
structural atherosclerotic disease. It has been observed
that correlation between flow-mediated dilatation and
CIMT may not be evident in recent onset RA and a
disease duration longer than seven years was required to
establish correlation between flow-mediated dilatation
and morphological abnormalities expressed by carotid
ultrasound®>. CIMT also offers the advantage of low
cost, wide availability in developing countries like
India, relative comfort and convenience for the patient
as it is a non-invasive investigation.

The mean CIMT value among patients with RA was
significantly higher than that observed among normal
controlsubjectsinthepresentstudy. Similarobservations
were reported in other studies from India?*-** and from
other parts of the world?*?’. Patients with other factors
that influence atherosclerosis such as hypertension,
diabetes mellitus, hyperlipidaemia, among others were
not excluded in some studies®*?8. Care was taken in the
present study to exclude patients with other conditions
that may contribute to atherosclerosis. Further, we
also obtained six measurements to derive the CIMT
including the proximal internal carotid bulb, where a
higher prevalence and severity of atherosclerosis have
been described”. However, a major limitation of CIMT
as a marker for atherosclerosis is that there is no clear
“threshold” for demarcating ‘normal’ and ‘abnormal’
values®. The consensus statement from the American
Society of Echocardiography® suggested that a value
greater than 75" percentile for the patient’s age, sex and
race/ethnicity should be considered high and indicative
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of increased vascular risk. Normative values of CIMT
for adult South Indian patients are not available in the
published literature. In the present study an attempt
was made to define the appropriate “cut-off” value
for defining atherosclerosis. For this two methods,
namely, construction of ROC-curve; and defining the
75™ percentile value from normal control subject data
were used.

In some Indian studies, arbitrary cut-offs, such as,
1 standard deviations (SD)? or 2 SD* above the mean
value obtained for control subjects have been used; or,
without defining a cut-off, comparison of mean CIMT
values between cases and controls* have been used
to explain the significance of CIMT measurements.
However, these methods do not appear to be the ideal
methods for defining the cut-off value. In the present
study, CIMT measurements obtained from patients
with angiographically proven CAD and age- and
gender-matched normal control subjects were used to
construct an ROC curve and a cut-off value of 0.57 was
derived. Patients with RA were categorized as having
atherosclerosis if their CIMT value was greater than
or equal to 0.57 mm. The performance of this cut-off
value in detecting asymptomatic atherosclerosis among
patients with RA was very similar to the 75" percentile
value of CIMT in normal control subjects. Thus, these
cut-off values of CIMT appeared to be appropriate
for screening for asymptomatic (subclinical) athero-
sclerosis among adult patients with RA.

Presence of carotid plaque is indicative of increased
risk of atherosclerosis and cardiovascular disease and
may signify the need for more aggressive risk-reduction
interventions. In the present study, carotid plaque was
found more frequently among the cases compared
with normal controls. Further, frequent observation
of asymptomatic atherosclerosis and carotid plaque
among patients with RA assumes greater significance
when interpreted in context of the mean age and
proportion of female patients. In this study, women, a
group conveniently thought to have lesser burden of
atherosclerotic cardiovascular disease as compared to
men, constituted 84 per cent of the patients and their
mean age was only 47.4 = 10.2 yr. The present study
revealed that subclinical atherosclerosis, detected
by CIMT as a surrogate marker and the presence of
carotid plaques, is common in patients with RA. CIMT
measurement was found to be a safe, inexpensive,
reproducible, and repeatable strategy for detecting
subclinical atherosclerosis. The cost- effectiveness of
screening strategies for atherosclerosis like carotid

ultrasound and the effect of interventional therapeutic
strategies in risk reduction needs to be evaluated in
longitudinal studies with a large sample size.

The present study was a cross-sectional study.
Further longitudinal follow up these patients over a
period of time to look for clinical events that reflect
the consequences of atherosclerosis would provide
valuable corroboration of the observations from the
present study. The number of male participants was
small in out study, so the upper limit as defined would
perhaps be largely applicable to women.
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